Background {#Sec1}
==========

Uveitis, or inflammation of the uvea, is classified clinically into infectious and non-infectious groups \[[@CR1]\]. Infectious uveitis is triggered by a wide range of exogenous factors. In contrast, non-infectious uveitis is an inflammatory response that is triggered by certain environmental factors in individuals with a particular genetic component. Non-infectious uveitis is an autoimmune process by which there is a loss of tolerance against self-antigens. Certain HLA alleles have been found to be strongly associated with uveitis \[[@CR2]\].

In up to 50% of the cases, autoimmune uveitis precedes or follows the onset of an autoimmune disease. Some of the associated autoimmune diseases include the spondyloarthritides, Behçet's disease, Vogt-Koyanagi-Harada (VKH) syndrome, systemic lupus erythematosus, sarcoidosis, autoimmune hepatitis, and multiple sclerosis \[[@CR3]\]. There is ample evidence that most autoimmune disease share a certain percentage of their genetic component, suggesting that some pathologies may be influenced by a common pathway. The interleukin-23 receptor (IL-23R) belongs to a well-established group of risk factors (shared by different conditions) that influence the breakdown of self-tolerance \[[@CR4]\].

The IL-23R gene is located on chromosome 1p31. It is highly expressed in dendritic cells, and is involved in several chronic inflammatory diseases \[[@CR5]\]. Several single-nucleotide polymorphisms (SNPs) in IL-23R have been found to be associated with chronic inflammatory diseases, including inflammatory bowel disease, ankylosing spondylitis, and psoriasis. Recent studies found that IL-23R gene polymorphisms are associated with uveitis in Behçet's disease and sarcoidosis \[[@CR6], [@CR7]\]. However, other studies found no significant association between uveitis and IL-23R gene polymorphisms \[[@CR5], [@CR8]\].

Three of several polymorphisms of IL-23R have been studied in some detail. These include rs7517847, rs17375018, and rs11209032. However, the results from different studies have been inconsistent. The aim of this meta-analysis was to investigate the genetic association between IL-23R polymorphisms and the susceptibility to non-infectious uveitis.

Methods {#Sec2}
=======

Identification of eligible studies and data extraction {#Sec3}
------------------------------------------------------

We performed a search for studies that examined the associations between IL-23R polymorphisms and uveitis. Genetic association studies that determined the distributions of rs7517847, rs17375018, and rs11209032 polymorphisms in uveitis and in normal controls were included. The literature was searched using the PUBMED and EMBASE databases to identify available articles in which IL-23R polymorphisms were analyzed in uveitis patients (up to June 2016). We listed combinations of key words and subject terms such as "interleukin-23 receptor," "IL23R," "polymorphism," and "uveitis." Only papers written in the English language were included. References from the identified studies were also investigated to identify additional studies that were not indexed by PUBMED and EMBASE. The following information was extracted from each study: author, year of publication, ethnicity of the study population, demographics, number of cases and controls, Hardy-Weinberg equilibrium (HWE) *P*-value, and the allele and genotype frequencies for each of the polymorphisms (rs7517847, rs17375018, and rs11209032). This meta-analysis was reported based on the Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) guidelines \[[@CR9]\].

Evaluation of statistical associations {#Sec4}
--------------------------------------

The allele counting method was used to determine the allele frequencies of the genetic polymorphisms. The Chi-squared test was used to detect if the controls in each study conformed to HWE. The associations between rs7517847, rs17375018, rs11209032 and uveitis were estimated using the crude odds ratio (OR) and 95% confidence interval (CI). We performed meta-analyses using the 1) allelic contrast, 2) homozygote contrast, 3) recessive, and 4) dominant models. Inter-study heterogeneity was assessed with the Cochran Q test (in which *P*-value \< 0.10 was considered statistically significant heterogeneity) and I^2^ statistics (I^2^ \< 25 = no heterogeneity; 25 ≤ I^2^ \< 50 = moderate heterogeneity; 50 ≤ I^2^ \< 75 = large heterogeneity; 75 ≤ I^2^ \< 100 = extreme heterogeneity) \[[@CR10]\]. If there were no significance between the study heterogeneity, a fixed-effects model was used \[[@CR11]\]. Otherwise, a random-effect model was used \[[@CR12]\]. Forest plots were drawn to visualize the overall effect. Meta-analysis was performed using Review Manager software, version 5.3.

Evaluation of publication bias {#Sec5}
------------------------------

Funnel plots are often used to detect publication bias. However, they require a range of studies of varying sizes and subjective judgments. Therefore, we evaluated publication bias using Egger's linear regression test \[[@CR13]\], which measures funnel plot asymmetry on a natural logarithm scale of odds ratios (ORs).

Results {#Sec6}
=======

Studies included in the meta-analysis {#Sec7}
-------------------------------------

Sixty two studies were identified by electronic and manual researches, and 16 were selected for a full-text review based on the title and abstract details. Nine studies were excluded because they did not contain genotype data or were the lack of suitable controls. Ultimately, seven studies met our inclusion criteria \[[@CR2], [@CR5]--[@CR8], [@CR14]\]. A flow chart describing inclusion/exclusion of the individual studies is displayed as Fig. [1](#Fig1){ref-type="fig"}. Six of these studies involved the association between the IL-23R gene rs7517847 polymorphism and uveitis, five studies involved rs17375018, and five studies involved rs11209032. A total of seventeen separate comparisons were considered in this meta-analysis, involving 1309 uveitis patients and 2400 controls.Fig. 1Flow chart of describing the study inclusion/exclusion

Uveitis in ankylosing spondylitis, Behçet's disease, sarcoidosis, endogenous non anterior uveitis, VKH, and Fuchs' syndrome were included in this meta-analysis. Among these diseases, the etiology of Fuchs' syndrome is not fully understood. Some theories on the etiology of Fuchs' syndrome have been suggested including infection, vascular abnormality and autoimmunity \[[@CR5], [@CR15]\]. Thus, we performed a meta-analysis with and without Fuchs' syndrome. The details of the IL-23R polymorphism studies are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Characteristics of the individual studies included in the systemic review and meta-analysisStudyPopulationNumbersDiseaseGene polymorphismHWE *P*-valueCaseControlCenit, 2013 \[[@CR2]\]Spanish (European)2061547Endogenous non anterior uveitisrs75178470.4008Dong, 2013 \[[@CR8]\]Chinese Han (Asian)163312Ankylosing spondylitisrs75178470.9262rs173750180.0003rs112090320.1651Gheita, 2015 \[[@CR14]\]Egyptian (African)2430Behçet's diseasers173750180.1221Jiang(1), 2010 \[[@CR6]\]Chinese Han (Asian)338407Behçet's diseasers75178470.9014rs173750180.1697rs112090320.3495Jiang(2), 2010 \[[@CR9]\]Chinese Han (Asian)382407Vogt-Koyanagi-Harada syndromers75178470.9014rs173750180.1697rs112090320.3495Kim, 2011 \[[@CR7]\]American (American)58104Sarcoidosisrs75178470.9728rs112090320.9226Zhou, 2010 \[[@CR5]\]Chinese Han (Asian)138407Fuchs' syndromers75178470.9014rs173750180.1697rs112090320.3495*HWE* Hardy-Weinberg equilibrium

Meta-analysis of the relationship between IL-23R polymorphisms and overall uveitis {#Sec8}
----------------------------------------------------------------------------------

Table [2](#Tab2){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"} demonstrate the findings from our meta-analysis with regard to the association between IL-23R polymorphisms and overall uveitis. There were no differences concerning the genotype and allele of rs7517847 SNPs between patients with uveitis and controls (OR 1.01, 95% CI 0.92--1.12, *P* = 0.83). There was also no significant association between the rs17375018 A allele and uveitis (OR 0.68, 95% CI 0.47--0.99, *P* = 0.05; Fig. [3a](#Fig3){ref-type="fig"}). However, the frequency of the rs17375018 AA + AG genotype was significantly associated with uveitis (OR 0.59, 95% CI 0.35--0.99, *P* = 0.04). The allele frequencies of rs11209032 in patients and in controls were not significantly different (OR 1.20, 95% CI 0.87--1.64, *P* = 0.27). A meta-analysis of the AA genotype of the rs11209032 polymorphism was significantly associated with uveitis (OR 1.33, 95% CI 1.11--1.60, *P* = 0.002; Fig. [3b](#Fig3){ref-type="fig"}).Table 2Meta-analysis of associations between IL23R polymorphisms and overall uveitisPolymorphismTest of associationTest of heterogeneityOR95% CI*P*-valueModel*P*-valueI^2^(%)rs7517847G vs. T1.010.92--1.120.83F0.1440GG vs. GT + TT0.700.40--1.210.20R0.0000381GG + GT vs. TT0.920.80--1.070.29F0.2032GG vs. TT0.880.65--1.190.41R0.0653rs17375018A vs. G0.680.47--0.990.05R\<0.0000187AA vs. AG + GG0.760.49--1.180.22R0.0950AA + AG vs. GG0.590.35--0.990.04R\<0.0000188AA vs. GG0.560.29--1.090.09R0.00375rs11209032A vs. G1.200.87--1.640.27R\<0.000186AA vs. AG + GG1.331.11--1.600.002F0.0754AA + AG vs. GG1.130.82--1.560.45R0.0364AA vs. GG1.340.85--2.120.20R0.00771*R* random effects model, *F* fixed effects model Fig. 2ORs and 95% CIs of the individual studies and of pooled data for the associations between the rs7517847 G allele (**a**), rs17375018 A allele (**b**), rs11209032 A allele (**c**) polymorphisms and overall uveitis Fig. 3ORs and 95% CIs of the IL23R polymorphism genotype and overall uveitis. rs17375018 AA + AG vs. GG genotype (**a**), and rs11209032 AA vs. AG + GG genotype (**b**)

Meta-analysis of the relationship between IL-23R polymorphisms and uveitis without Fuchs' syndrome {#Sec9}
--------------------------------------------------------------------------------------------------

Table [3](#Tab3){ref-type="table"} and Fig. [4](#Fig4){ref-type="fig"} demonstrate the findings from our meta-analysis with regard to the association between IL-23R polymorphisms and uveitis without Fuchs' syndrome. There were no differences concerning the genotype and allele of rs7517847, rs17375018 and rs11209032 SNPs between patients with uveitis and controls (OR 0.99, 95% CI 0.84--1.16, *P* = 0.87; OR 0.64, 95% CI 0.40--1.04, *P* = 0.07; OR 1.13, 95% CI 0.76--1.69, *P* = 0.54, respectively).Table 3Meta-analysis of associations between IL23R polymorphisms and uveitis without Fuchs' syndromePolymorphismTest of associationTest of heterogeneityOR95% CI*P*-valueModel*P*-valueI^2^(%)rs7517847G vs. T0.990.84--1.160.87R0.0851GG vs. GT + TT0.590.31--1.130.11R0.000782GG + GT vs. TT0.940.81--1.100.46F0.1442GG vs. TT0.840.59--1.220.36R0.0361rs17375018A vs. G0.640.40--1.040.07R\<0.0000190AA vs. AG + GG0.760.43--1.330.34R0.0561AA + AG vs. GG0.540.28--1.040.06R\<0.0000191AA vs. GG0.540.23--1.250.15R0.00181rs11209032A vs. G1.130.76--1.690.54R\<0.000189AA vs. AG + GG1.210.88--1.650.24R0.1150AA + AG vs. GG1.070.72--1.580.75R0.0271AA vs. GG1.190.69--2.060.52R0.00974*R* random effects model, *F* fixed effects model Fig. 4ORs and 95% CIs of the individual studies and of pooled data for the associations between the rs7517847 G allele (**a**), rs17375018 A allele (**b**), rs11209032 A allele (**c**) polymorphisms and uveitis without Fuchs' syndrome

Heterogeneity and publication bias {#Sec10}
----------------------------------

The genotype distributions in the normal control groups were consistent with HWE in all studies. Some heterogeneity was found in the meta-analyses of the IL-23R polymorphisms. Given the small number of included studies, it was difficult to correlate the funnel plot, which is usually used to detect publication bias. However, Egger's regression test showed no evidence of publication bias (Egger's regression test *P* values \>0.1).

Discussion {#Sec11}
==========

In this study, we addressed the association between IL-23R polymorphisms and susceptibility to uveitis. Data from published studies were combined to evaluate the genetic associations between the most commonly studied polymorphisms of IL-23R, rs7517847, rs17375018, and rs11209032, and uveitis.

There was no significantly association between the rs7517847 polymorphism and uveitis. The rs17375018 polymorphism was also not associated with uveitis, except the AA + AG vs. GG genotype. Although results of the rs17375018 A allele, AA vs. AG + GG genotype, and AA vs. GG genotype showed no significant association with uveitis, the A allele tended to decrease uveitis (OR 0.68, 95% CI 0.47--0.99, *P* = 0.05; OR 0.76, 95% CI 0.49--1.18, *P* = 0.22; OR 0.56, 95% CI 0.29--1.09, *P* = 0.09). In the present meta-analysis, combined evidence demonstrated that the IL23R gene rs11209032 polymorphisms were not associated with uveitis. However, the rs11209032 AA genotype was significantly associated with uveitis. We found that the homozygote models, including the rs17375018 GG genotype and rs11209032 AA genotype, were significantly associated with uveitis.

Many theories on the etiology of Fuchs' syndrome have been suggested including viral infection, toxoplasmosis, vascular abnormality, and autoimmunity. Some studies have shown that infections such as rubella virus and toxoplasma could lead to the development of Fuchs' syndrome. However, other studies found that patients with Fuchs' syndrome had high levels of proinflammatory cytokines, the pathology of the iris was rich in CD8+ lymphocytes, and the aqueous humor had abundant oligoclonal IgG production. These findings indicate that Fuchs' syndrome has immunologic characteristics. Thus, we performed this meta-analysis with and without Fuchs' syndrome. The results showed that there was no association between IL23R polymorphisms and uveitis.

Th17 cells may be relevant to human uveitis. Transfer of Th17 cells led to neutrophilic infiltrates, which is consistent with the cytokine and chemokine profile typical of the respective responses \[[@CR16]\]. Th17 cells bind to proinflammatory cytokines such as IL-1, IL-6, transforming growth factor β (TGF-β), IL-21, and IL-23. IL-23 activity is mediated by its binding to the IL-23R on 17 helper T (Th17) cells. The IL23-Th17 interactions are thought to play an important role in the development of autoimmune disease \[[@CR7]\]. IL-23 is a heterodimeric regulatory cytokine that is produced by activated macrophages and dendritic cells. IL-23 induces a cell population with a unique inflammatory gene signature. This signature includes IL-17A, IL-17F, IL-6, colony-stimulating factor 2 (CSF2), tumor necrosis factor (TNF), CC-chemokine ligand 20 (CCL20), CCL22, IL-1 receptor type 1 (IL-1R1), and IL-23R \[[@CR17]\].

IL-23 was found to be elevated in VKH syndrome and Behçet's disease \[[@CR18], [@CR19]\]. Some previous studies also showed an association between SNPs in IL-23R and uveitis. However, the results varied based on the accompanying systemic disease or cause of uveitis \[[@CR5], [@CR6]\]. This study analyzed the association between the rs7517847, rs17375018, and rs11209032 polymorphisms and uveitis. However, some studies showed significant associations between uveitis and other polymorphisms of IL-23R, such as rs924080and rs117633859 \[[@CR20], [@CR21]\].

The strength of our meta-analysis could be summarized as follows. We attempted to identify as many publications as possible using various search techniques. To the best of our knowledge, our study is the first meta-analysis regarding overall uveitis. It includes uveitis of ankylosing spondylitis, Behçet's disease, VKH syndrome, sarcoidosis, Fuchs' syndrome, and any other endogenous non anterior uveitis. All studies satisfied HWE. This implies that there was no potential bias regarding the control selection or genotyping errors.

This study also has several limitations. First, there was significant heterogeneity in some comparisons. There was variability in both diseases of developing uveitis as well as ethnicity. Unfortunately, stratification for ethnicity was not possible due to the low number of published studies on this topic. In addition, because only English publications were included, there may have been a language bias. A third limitation is that publication bias may have affected the analysis, because studies that produced negative results may not have been published or may have been missed. Fourth, we did not conduct a meta-analysis of haplotype analysis; however, haplotype analysis may have provided more information and would have been more powerful than single polymorphism analysis. Fifth, we did not classify the cases into anterior uveitis, posterior uveitis, and panuveitis. Lastly, although IL-23R polymorphisms may be associated with disease severity and susceptibility, we did not perform a meta-analysis for this association.

Conclusions {#Sec12}
===========

The rs7519847, rs17375018 and rs11209032 alleles of IL-23R were negatively associated with uveitis. However, our results also suggest that both rs17375018 GG and rs11209032 alleles of IL-23R are predisposing genotypes for uveitis. These results should be interpreted with caution, given the study's limitations. Further studies with larger sample sizes, as well as polymorphisms of other proinflammatory cytokines, are needed.
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